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Wednesday, February 19, 2014 701ananoparticles (LNPs) are a new tool for drug delivery systems. They are respon-
sible for transferring short pieces of double stranded small interfering RNA
(siRNA) into the cell. However, the underlyingmechanism of action of lipid con-
stituents of LNPs is not clearly known. Specifically, characteristics such as
encapsulation efficiency, and the stability of LNPs are not predictable. Cationic
lipids play essential roles in encapsulating negatively charged siRNA and also
destabilizing the endosomalmembrane.We have studied the bilayer and inverted
hexagonal phase (HII) phase stability as it could potentially show the destabiliz-
ing effect of LNPs on the endosomal membrane for DLin-KC2-DMA (XTC2) at
different temperatures. It has shown good destabilizing effects for bilayer struc-
tures. We also studied the interaction of the distearoylphosphatidylserine (DSPS)
with XTC2 based on comparison with deuterium order parameters obtained from
NMR experiments since DSPS has been used to optimize the structure of XTC2
[1]. pH, water content, temperature, and salt concentration effects on the bilayer
HII phase stability is also studied.
[1] S. de Youg, G. C. Chikh, L. L. Sekirov, S. Raney, S. C. Semple, S. K. Kli-
muk, Z. N. Yuan, M. Hope, P. R. Cullis, Y. K. Tam, Cancer Immunology and
Immunotherapy, 56, 1251-1264, 2007.
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Mefloquine hydrochloride is a drug used in the treatment of malaria, with a
probable effect on cell membrane surfaces. However, the mechanism of action
when they interact with lipid surfaces is not sufficiently known so far. For this
reason, it is important the understanding at the molecular level of drug-
membrane interactions, and using models for biointerfaces membranes is a
suitable strategy for this purpose. In this study, we employed Langmuir
monolayers of lipids as biointerface models, with the drug incorporated in
monolayers of zwitterionic lipids, namely DPPC (dipalmitoyl phosphatidyl
choline), negative lipids, namely DPPS (dipalmitoyl phosphatidyl serine),
and cholesterol. Combining data on Surface Pressure-Area Isotherms with Po-
larization Modulation Infrared Reflection-Absorption Spectroscopy (PM-IR-
RAS), the effect of the mefloquine hydrochloride on lipid monolayers was
compared by taking into account the chemical and molecular structure of
the lipids and the drug. The adsorption of the drug at the monolayers de-
creases the order of the lipid film, replaces water molecules from the interface,
in mechanisms that involve both polar head groups and alkyl tails from the
lipids. A model is then proposed in which mefloquine hydrochloride interacts
with lipids at the air-water in such a way that the interactions are maximized
owing to geometrical adaptations on behalf of the contact between lipid polar
heads and polar drug groups.
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The steady-state fluorescence of Laurdan and its cationic derivative, Patman, is
commonly used to assess environmental polarity of phospholipid bilayers.
Recent studies have demonstrated that analysis of the pre-steady-state kinetics
of probe fluorescence provides additional information about heterogeneity and
biophysical properties of probe configurations within the membrane. Since this
configurational heterogeneity is more prominent with Patman than Laurdan,
studies were conducted to identify the roles of membrane charge on the equil-
ibration process. Emission intensity of Patman and Laurdan was monitored at
435 and 500 nm at various temperatures during equilibration with unilamellar
vesicles or micelles with different charge densities. To isolate the effects of
positive charge, comparisons were made between phosphatidylcholine and
phosphatidylglycerol. The role of the negatively-charged phosphate was inves-
tigated by varying the sample pH. In general, equilibration of Patman followed
two kinetic processes whereas Laurdan equilibration was faster and displayed
first-order kinetics. Arrhenius plots of the initial rate of Laurdan equilibration
were linear with negative slopes under all conditions. However, with Patman,
Arrhenius profiles were more complex. Arrhenius plots with phosphatidylgly-
cerol bilayers were flat, discontinuous at the main phase transition, and faster in
the fluid phase. With phosphatidylcholine bilayers, Arrhenius slopes were
steeply negative at high temperatures and flat at lower temperatures. The
discontinuity occurred above the melting temperature and disappeared at low
pH. Equilibration of Patman with micelles was generally faster than with ves-
icles and was instantaneous with phosphatidylglycerol at low pH. These data
suggest at least three conclusions.First, the main energy barrier to Patman equilibration with phosphatidylcholine
is the positively-charged choline. Second, the negatively-charged phosphate
causes Arrhenius slope discontinuities. Finally, in the absence of charge, equil-
ibration is limited by the density of lipid packing.
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Understanding of the mechanisms of interaction of macromolecules and
colloidal particles with lipid membranes is far from complete, and the questions
related to role of local perturbation of the membrane properties in these interac-
tions are still largely unsolved. Previously, we have found [1] that interaction of
DNA molecules with strongly charged freestanding cationic lipid bilayers [2]
leads to an unexpected phenomenon of membrane-mediated coil-globule tran-
sition of membrane-absorbed DNA macromolecules. To elucidate the effect of
the persistence length in these phenomena, we study the behavior of much
stiffer semiflexible fd virus particles (persistence length ~2.2 mm) electrostati-
cally adsorbed on freestanding cationic lipid membranes. At low membrane
charge densities, membrane-adsorbed fd virus particles behave as semiflexible
filaments in 2D. On the other hand, we find that membrane-driven interactions at
higher membrane charge densities are strong enough to induce the membrane-
mediated coil-globule transition of the relatively stiff fd virus particles, which
agrees with the recent theoretical predictions [3]. Further, for fd virus particles
adsorbed at higher surface densities on weakly charged membranes we observe
a new unexpected phenomenon of membrane-driven self-organization of the
filamentous virus particles into long linear chain aggregates.
[1] C. Herold, P. Schwille, and E. P. Petrov, Phys. Rev. Lett.104 (2010) 148102.
[2]C.Herold,G.Chwastek, P. Schwille, andE.P. Petrov,Langmuir28 (2012)5518.
[3] A. G. Cherstvy and E. P. Petrov (2013) submitted.
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During the last decade, DNA origami has become a powerful tool in research at
the nanoscale. The relative ease of constructing functionalized DNA origami
structures of a defined shape allows for their applications in membrane
biophysics. Recently, we have constructed stiff rod-like DNA origami structures
consisting of six DNA helixes, which were functionalized with hydrophobic
membrane-binding anchors and fluorescently labeled at defined positions [1]. Se-
lective fluorescent labeling allowed us to determine the translational and rota-
tional diffusion coefficients of the DNA origami rods on lipid membranes by
fluorescence correlation spectroscopy, which were found to be in a good agree-
ment with the hydrodynamics-based theory of membrane diffusion. Further, we
studied the effect of the surface density of membrane-bound origami structures
on their Brownian motion and found a strong decrease of the translational and
rotational diffusion coefficients of membrane-bound nanorods with an increase
in their surface density. We compare our experimental findings with results of
Monte Carlo simulations of Brownian hard needles in 2D.
[1] A. Czogalla, E. P. Petrov, D. J. Kauert, V. Uzunova, Y. Zhang, R. Seidel,
and P. Schwille, Faraday Discuss.161 (2013) 31.
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To obtain correct EPR line shapes, spin-lattice relaxation times, and bimolec-
ular collision rates between spin labels and oxygen, samples must be thor-
oughly deoxygenated or equilibrated with a controlled oxygen partial
pressure. These measurements are conveniently carried out using a gas perme-
able plastic sample tube of small diameter that fits in a loop-gap resonator. Flow
of gas over the tube allows easy deoxygenation or controlled oxygenation of the
sample. In the initial design of the W-band (94 GHz) loop-gap resonator, sam-
ples were equilibrated with gas at room temperature outside the resonator,
transferred to a quartz capillary, and positioned in the resonator. In a recently
